Reevaluating the Benefits of Folic Acid Fortification in the United States: Economic Analysis, Regulation, and Public Health | Scott D. Grosse, PhD, Norman J. Waitzman, PhD, Patrick S. Romano, MD, MPH, and Joseph Mulinare, MD, MPH pregnant would be provided access to a nutrient that can prevent a substantial proportion of neural tube defects (NTDs). 2 Before the adoption of fortification in 1996, 3 studies projected net economic benefits from fortification. [3] [4] [5] To date, no analysis has evaluated the costs and benefits realized by fortification. We calculated the economic impact of fortification using both cost-benefit and cost-effectiveness analytic techniques on the basis of prefortification and postfortification epidemiological data. We also discuss how observed changes in NTD rates differ from those forecast before fortification and the implication for modeling on the basis of incomplete data.
Economic Evaluation and the Policy Process
Economic evaluation plays an important role in translating research findings into practice and policy. Economic evaluations can be "ex ante," conducted before the adoption of a policy on the basis of results from pilot studies and theoretical assumptions, or "ex post," carried out after implementation using information on observed outcomes. Ex ante analyses are not often compared with ex post analyses on the basis of documented results of policies. This is unfortunate, because policies may have unanticipated consequences.
Since the Reagan administration, the executive branch has required regulatory agencies to conduct a regulatory impact analysis of proposed rules. Under Executive Order 12866 signed in 1993, "significant regulatory actions" are to be accompanied by an assessment of expected costs and benefits. 6 No requirement exists that new or revised regulatory impact analyses be prepared after the implementation of regulations to validate the projected benefits and costs on the basis of observed impacts.
Two types of economic evaluation are used to inform public health decisions. One is costbenefit analysis (CBA). A CBA values all outcomes in monetary terms, including deaths and cases of disease averted. The other type is cost-effectiveness analysis (CEA). A CEA calculates the ratio of net costs (intervention costs minus medical and other direct costs averted from prevention) to the numbers of health outcomes. 7 Health outcomes can be expressed in natural units (e.g., deaths averted) or with a measure that integrates mortality and morbidity, such as quality-adjusted life years. Guidelines recommend use of the qualityadjusted life year as a common metric to enhance the comparability of CEAs. 8 Until recently, regulatory analyses have mostly taken the form of CBAs. In contrast, most medical or public health evaluations have been CEAs. In September 2003, the Office of Management and Budget (OMB) directed agencies to begin using both CEA and CBA "for all major rulemakings for which the primary benefits are improved public health and safety." 9, 10 Economic evaluations are not necessarily used to determine regulatory decisions. Each federal agency is governed by specific legislation. In particular, the Food, Drug, and Cosmetic Act requires FDA to base decisions on safety and efficacy. 11 For food additives, FDA follows a safety standard of a reasonable certainty of no harm and does not directly take into account projected economic benefit. Costeffectiveness calculations can still indirectly influence regulatory decisions. 12 
Folic Acid and Health Outcomes
Between 1981 and 1992, several studies reported that Before a 1996 US regulation requiring fortification of enriched cereal-grain products with folic acid, 3 economic evaluations projected net economic benefits or cost savings of folic acid fortification resulting from the prevention of pregnancies affected by a neural tube defect. Because the observed decline in neural tube defect rates is greater than was forecast before fortification, the economic gains are correspondingly larger.
Applying both cost-benefit and cost-effectiveness analytic techniques, we estimated that folic acid fortification is associated with annual economic benefit of $312 million to $425 million. The cost savings (net reduction in direct costs) were estimated to be in the range of ON MARCH 5, 1996, THE US Food and Drug Administration (FDA) required that manufacturers fortify enriched cereal-grain products with 140 µg of folic acid per 100 g of cereal-grain product by January 1, 1998. 1 This decision was intended to ensure that women who become consumption of vitamin supplements containing folic acid before conception was associated with a reduction of 50% to 75% of cases of spina bifida and anencephaly. [13] [14] [15] [16] [17] More conclusively, a multicenter randomized trial in 1991 demonstrated that folic acid protects against recurrence of NTD-affected pregnancies. 18 A randomized-controlled trial in Hungary in 1992 found that multivitamins containing folic acid have a protective effect on NTDs in women without a previously affected pregnancy. 19 On the basis of this evidence, the US Public Health Service issued a recommendation in September 1992 that all women capable of having children consume 400 µg per day of folic acid to reduce the numbers of pregnancies affected by spina bifida and other NTDs. 20 Although folic acid can be obtained through vitamin supplements, women with unplanned pregnancies, accounting for up to 50% of all live births in the United States, are much less likely to consume vitamin supplements before conception. 21 The simplest approach to ensuring that women are protected before the onset of pregnancy is to routinely add folic acid to commonly consumed foods.
Any intervention needs to be evaluated for risks of harm. The major concern with adding folic acid to foods is that individuals with undiagnosed vitamin B 12 deficiency could experience a delay in receiving a diagnosis. The fear is that high intakes of folic acid could "mask" the hematologic manifestation of anemia while allowing neurological damage to proceed untreated. 2 The evidence for the masking hypothesis is circumstantial. 22 Folic acid shares a metabolic pathway with vitamin B 12 , and the anemia associated with vitamin B 12 deficiency can be resolved by increasing the intake of folic acid. Prolonged deficiency of vitamin B 12 can result in neurological damage, which, if left untreated, can be disabling and irreversible. Case reports in the 1940s and 1950s documented that certain individuals with pernicious anemia who were taken off therapy with liver extracts rich in vitamin B 12 and, instead, received high-dose folic acid supplements (generally 5 mg/day or greater) experienced progressive neurological damage without anemia. 23 The level of folic acid intake above which individuals with undiagnosed vitamin B 12 deficiency are at risk of delayed diagnosis and neurological progression is uncertain. FDA set a safe upper level of consumption of 1 mg/day of total folate, not distinguishing synthetic folic acid from natural folate. 24, 25 The Institute of Medicine (IOM), in 1998, also set a tolerable upper intake level (UL) of 1 mg/day, but made this specific to folic acid and excluded natural folate. The IOM reported that the lowest observed adverse effect level (LOAEL) is 5 mg/day, meaning that there is little evidence of harm for intakes below that level, but used an uncertainty factor of 5 below the LOAEL to set the UL. 23
Ex Ante Economic Evaluations of Folic Acid Fortification
Three economic evaluations were prepared before the 1996 decision to require folic acid fortification of enriched cereal-grain products. A CBA was prepared by FDA staff and published in 1993. 3 A second CBA was published in 1995 by University of California researchers. 4, 26 A third CEA was published in 1996 by CDC researchers. 5 The findings of both the California and CDC analyses were presented to the FDA Folic Acid Subcommittee before CBA publication and before the fortification mandate was issued. Table 1 summarizes the results of the 3 ex ante economic studies for the level of 140 µg of folic acid per 100 g of cereal-grain product. The estimate of net monetary benefit in the 2 CBA studies was roughly $700 million in the FDA analysis and $100 million in the California analysis. The CDC analysis did not calculate net monetary benefit but did estimate $5 million in direct cost savings.
The FDA and California estimates of net benefit diverged because of differences between the willingness-to-pay (WTP) method used in the FDA analysis and the cost-of-illness (COI) method used in the California study. The FDA approach valued deaths averted at $5 million, on the basis of the calculated risk premium for fatal on-the-job injuries. 3 The California approach valued deaths according to lost productivity in future years discounted to present value at a 5% discount rate, which, in 1991, was $342 500 at birth. 26 The 3 studies used similar fortification cost estimates. The annual cost of fortificant was assumed to be $4 million in the FDA and CDC analyses and $3.3 million in the California analysis. All 3 analyses assumed $2.5 million in analytic testing by manufacturers. In the FDA analysis, the cost of changing food labels  GOVERNMENT, POLITICS, AND LAW  was a 1-time cost of $20 million, which was converted to an annualized cost of $800 000 per year in perpetuity in the California analysis and $4.5 million in annualized cost in the CDC study.
The California study assumed that surveillance of adverse effects would be funded at $5 million per year. The analyses differed with regard to the expected costs of adverse effects. The FDA assumed no adverse effects with fortification at 140 µg of folic acid per 100 g of cereal-grain product. Projections of costs of adverse health effects were higher in the California study ($16.4 million) than in the CDC study ($350 000). The 2 studies differed in the numbers of cases of adverse effects, 500 and 89, respectively, and the average cost per case of neurological damage, $33 500 and $3900, respectively.
Fortification and NTD rates
All 3 ex ante analyses projected modest percentage reductions in NTD rates from fortification at 140 µg of folic acid per 100 g of cereal-grain product, from 2 to 10% (Table 1) . After implementation of folic acid fortification in the United States, analyses of birth defects surveillance data have estimated substantially larger reductions in NTD, between 20 and 30%. Data on births with spina bifida and anencephaly from programs without prenatal diagnosis indicate a reduction of 23% between 1995-1996 and 1998-1999, and programs that included information on prenatally ascer-tained cases recorded a 30% reduction in NTDs. 27 Why the difference between the projected outcomes and the observed reductions? First, rather than an increase in intake of 100 µg/day as projected, the average increase in intake in the US adult population may be closer to 200 µg/day, estimated on the basis of observed changes in serum folate levels. 28 Analysis of folate in enriched foods reveals that certain foods contain more than the expected amount, with enriched bakery products reported to contain 40% to 100% more folic acid than stated. 29 Vitamin supplements and breakfast cereals that are enriched with 400 µg of folic acid per serving may have also contributed, although the contribution of supplements is small. Surveys conducted by the March of Dimes indicate only a small increase during this period in consumption of supplements containing folic acid by women of childbearing age, rising from 28% in 1995 to 32% in 1998 and remaining at that level through 2003. 30, 31 Second, the ex ante economic analyses were very conservative in modeling of the folate-NTD association because of a lack of information on a dose-response group curve. All 3 analyses assumed that only women consuming 400 µg/day or more would have a reduced risk of having a NTD-affected pregnancy. Data from Ireland subsequently showed a dose-response group relation between blood folate levels and decreased NTD risk. 32 On the basis of those data and other assumptions, a 100 µg/day increase in folic acid consumption would be expected to lead to a reduction in NTD rates in the United States of 13% 28 to 22%, 33 whereas a 200 µg/day increase would be associated with a 23% 28 to 41% 33 reduction.
The California study treated natural folate and synthetic folic acid as equivalent, whereas the CDC study assumed that only synthetic folic acid would provide protection against the risk of NTDs. It has long been known that naturally occurring food folate is limited in bioavailability compared with synthetic folic acid. The IOM recently concluded that the bioavailability of folic acid in food is 1.7 times greater than that of natural folate. 23 Thus, folate has some protective effect against NTDs but less than that of folic acid.
Canadian authorities also mandated folic acid fortification in 1998, at 150 µg/100 g of flour.
The reported percentage reductions in NTDs (spina bifida and/ or anencephaly) in provinces in the eastern half of Canada range from 32% to 78%. [34] [35] [36] [37] [38] The greater percentage declines in these provinces compared with the United States reflect higher baseline NTD rates; the postfortification NTD rate in each province was approximately 1 per 1000. Similarly, folic acid supplementation in China resulted in a greater decline in areas with higher NTD baseline rates. 39 
Ex Post Economic Evaluation of Fortification
We performed a preliminary ex post economic evaluation of folic acid fortification in the United States. The only health benefit considered was the prevention of NTD births. Published evidence suggests that multivitamins containing folic acid may be protective against other types of birth defects as well. 40 In addition, the reported associations between folic acid intakes and homocysteine levels and between homocysteine levels and cardiovascular disease suggest possible decreases in cardiovascular outcomes such as stroke. 22 Upon the publication of conclusive data on other health end points influenced by fortification, these could be incorporated in a comprehensive economic evaluation.
METHODS
In line with the OMB guidance recommending that both CEA and CBA be used to evaluate regulatory actions affecting public health, we present preliminary estimates of the economic impact of folic acid fortification in both forms. For the CBA, we used the same COI method used in the California CBA study. WTP estimates for the prevention of congenital anomalies require additional development. In addition, we calculated the reduction in averted direct costs, which can be directly compared with the CDC ex ante CEA study.
We excluded NTD-affected pregnancies not ending in live birth because of the relatively low direct costs and difficulties with the attribution of indirect costs, as well as the issue of costs associated with replacement births. Note. NTD = neural tube defects, or cases of spina bifida and anencephaly; m = millions.
Birth defects surveillance data indicate reductions each year of approximately 612 births affected by NTDs following fortification, including 520 with spina bifida and 92 with anencephaly. 27 Our updated estimates of the costs of spina bifida are described elsewhere. 41 We used a 3% discount rate to adjust projected lifetime costs in future years to the present value. The new OMB guidelines call for reporting results using both 3% and 7% discount rates. 9 Results calculated with a 7% discount rate are available on request. In 2002 dollars, the lifetime total cost associated with a birth with spina bifida is estimated at $636 000. Of this amount, $279 000 represents lifetime direct costs, mostly medical, and does not include caregiving time costs. For anencephaly, the total cost is $1 020 000, including $1 014 000 in indirect costs 42 and $6000 in average hospital costs for births with anencephaly 5 updated to 2002 prices.
We calculated a lower cost of fortification than in the prefortification analyses. It is not clear that food manufacturer analytic testing of enriched cereal-grain products is more expensive because of folic acid. Also, the price of bulk folic acid is lower than it was in the early 1990s. Specifically, the cost per ton of flour is one third lower than estimated in the California study (Peter Ranum, MS, oral communication, August 7, 2004) . We estimated annual folic acid fortificant cost of $2.2 million. Together with an annualized cost of $800 000 for nutrition labels, this yields an es-timate of fortification costs of $3 million per year.
We calculated results for 2 scenarios. The base case scenario was based on assumptions that include attributing the observed reduction in NTDs to folic acid fortification, no cases of adverse effects from fortification, and fortification costs limited to fortificant and nutrition label changes. The worst-case scenario modified these assumptions by assuming that fortification is responsible for 80% of the observed reduction, that the number and cost of adverse effects was as predicted in the California study, and that annual fortification costs were twice what was calculated.
RESULTS
Our base case findings are summarized in Table 2 . Following the CBA approach, the total economic benefit from reduction in the number of NTDs after folic acid fortification is estimated to be $425 million per year. Subtracting fortification cost of $3 million per year, the net monetary benefit is $422 million. This compares with an estimate of $94 million in the California study. The magnitude of benefits is 4.5 times as great in the base case analysis as in the original study. The number of NTDs prevented was 2.0 times that predicted, and the per-birth cost was 1.7 times as great, as a result of both inflation and the use of a 3% discount rate in place of a 5% discount rate in the original study. Finally, the benefit estimate was 1.3 times greater because of the exclusion of costs of adverse effects and the lower estimate of fortification costs.
On the basis of the base case results, we estimated averted costs of care for children born with spina bifida of $145 million per year. Subtracting $3 million for fortification yields net cost savings of $142 million per year, which compares with an estimate of $5 million in cost savings from the CDC ex ante study.
Our worst-case scenario adjusted for 3 areas of uncertainty. One is the lack of information on potential cases of neurological damage secondary to untreated pernicious anemia. If adverse effects had occurred as modeled in the California analysis, our estimates of net benefits and cost savings would be reduced by $25 million each. A second area is the lack of information on other contributors to reduced NTDs. Assuming fortification is responsible for 80% of the observed decline, our estimates of net benefit and net cost savings would be reduced by $85 million and $29 million, respectively. Finally, our estimates of fortification costs may be too low. Manufacturers have added more folic acid to certain enriched foods, as shown by one laboratory analysis. 29 In addition, the cost of analytic testing has not been factored in. To allow for uncertainty in both areas, we doubled the estimated cost to $6 million per year.
We calculated results for a worst-case scenario by setting all 3 parameters to their least favorable values. Under those assumptions, the net benefit was calculated to be $312 million and the cost savings amounted to $88 million. Although these numbers are substantially lower than our bestcase estimates, they still greatly exceed the estimates prepared before fortification.  GOVERNMENT, POLITICS, AND LAW  DISCUSSION Ex post economic evaluations are underused in the regulatory arena. Because they are not required, few economic analyses are conducted after a regulation is adopted. Ex ante evaluations are necessarily on the basis of models and incomplete data, which require validation by subsequent studies. 43 In practice, certain policies turn out to be less effective and cost-beneficial than expected, whereas other policies, including folic acid fortification, generate more net benefits than anticipated.
Three independent economic evaluations conducted before 1996 all concluded that folic acid fortification at 140 µg of folic acid per 100 g of cerealgrain product would yield net economic benefits or cost savings. [3] [4] [5] This conclusion was confirmed and strengthened by our postfortification analysis. Few public health interventions beyond immunization and injury prevention are cost saving. 44, 45 Folic acid fortification is exceptional in the relative magnitude of economic benefits.
The FDA choice of level of fortification was not made according to calculations of net economic benefit but on the safety standard that no group of people would be likely to be harmed. The FDA cited the California team's projection of 500 annual adverse effects from fortification at 140 µg of folic acid per 100 g of cereal-grain product but did not take this into account in projecting the costs and benefits of fortification. 1 The decrease in numbers of NTDs after fortification was greater than projected by the prefortification analyses. In part, this probably reflects a higher level of folic acid intakes than expected. It also reflects the conservative nature of the models used to project declines in numbers of NTDs. The validity of public health economic evaluations depends on the adequacy of epidemiological data and assumptions.
Estimates of net benefit depend on how costs and benefits are calculated. We have followed the COI method of valuation of health outcomes, which is a conservative approach to valuing health outcomes. Use of the WTP method could lead to a higher estimate of economic benefit of fortification, but WTP estimates for the prevention of congenital conditions are not available.
In our base case analysis, we did not include adverse health effects because of the absence of documentation that such effects have occurred with fortification. A study conducted in one US health care system found no change in diagnoses of anemia among people with vitamin B 12 deficiency after fortification. 46 If masking had occurred, one would expect fewer people with vitamin B 12 deficiency to have anemia. In addition, the prefortification projections may have overstated the risk by assuming that adverse effects would occur at intakes of 800 µg/day or 1 mg/ day of total folate 3,4 or 1 mg/day of folic acid. 5 From the LOAEL of 5 mg/day reported by the IOM, one would expect no adverse effects to have resulted from fortification. Because conclusive evidence requires additional research, we allowed for uncertainty. Our sensitivity analysis indicates that even if adverse effects had occurred as projected in the most pessimistic prefortification analysis, it would have little effect on estimates of net benefit.
In conclusion, folic acid fortification has proven to be a public health success in the United States and Canada, although an economic evaluation of fortification in Canada has yet to be conducted. The net benefit and cost savings surpass estimates prepared before fortification. By any measure, folic acid fortification provides a remarkable return on investment. Other industrialized countries could benefit by following the lead of the United States and Canada in adopting folic acid fortification of cereal-grain products. Furthermore, the benefits of fortification are not restricted to higher-income countries; fortification of wheat flour with folic acid in Chile has been associated with a 40% decrease in NTDs. 47 Contributors S. D. Grosse originated the study, directed all aspects of its implementation, and led the writing. All authors helped to conceptualize ideas, interpret findings, and review drafts of this article.
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